Program for covering the energy requirements of children was carried out in children 5.0 ± 1.0 years of age in a rural mountain community in Cuba. Five males and six females (19 ± 3.05 kg average weight) with a mean BMI 15.4 ± 2.2 kg/m 2) were included in the study. Six of the subjects were well-nourished, three were undernourished, and two were overweight. Total energy expenditure was determined by the doubly-labeled water technique. Resting metabolic rate was measured by indirect calorimetry. Energy intake, measured by a three-day weighed dietary record, was 1,527 kcal/day (6.39 MJ). The total energy expenditure of the well-nourished children was 11.8% lower than present energy recommendations (1,773 kcal). This implies that well-nourished children who are moderately to heavily physically active require 82.6 kcal/kg per day. The physical activity level of normal Cuban children is nearly 1.8, which is much higher than that reported in studies of children from industrialized countries using the doubly-labeled water technique. The measured daily energy intake was 1.7 times the resting metabolic rate RMR and 1.04 times the total energy expenditure.
Introduction
For more than a decade Cuba has had a nutrition program covering 1,720,359 children under six years of age. A program evaluation using standardized isotopic methods should have great advantages in relation to the costs of the whole program. The main objective of this study was the measurement of the total energy expenditure (TEE) by the doubly-labeled water (DLW) method in rural children under 7 years of age. The results will allow the evaluation of the capacity of the Cuban Nutrition Program to cover their energy requirements.
Subjects and methods
The evaluation was carried out in July 2000 in 4 to 6 year old children who attended a day-care center in the rural mountain community of Las Terrazas at the Sierra del Rosario in western Cuba. The experimental protocol was approved by the Ethics Commission of the Institute of Nutrition and the Ethics Board of the Ministries of Health and Education. Parents provided informed consent after the nature and purpose of the study was explained to them. Eleven children, five males and six females (19.0 ± 3.05 kg average weight) were included in the study taking into account an age proportion similar to that existing in the whole community.
Anthropometry
The children were measured wearing no clothes and shoes. Height [3, 4] . Fat mass and fat-freemass were estimated using Dugdale and Griffiths´s equation [5] .
The doubly-labeled water method
Total energy expenditure (TEE) was measured for 10 days under free-living conditions by using the doubly-labeled water technique. A sample of urine was collected from each subject before isotope administration to determine baseline concentration of 18 O and 2 H. Each subject was given an oral dose of a mixture containing about 2.0 g H 2 18 O at 10% and 0.12 g 2 H 2 O at 99.9% per kg body weight. The container was then rinsed with 20 to 30 ml of tap water that was also consumed. Urine samples were collected daily in the morning 10 days after the dosing and preserved at 4°C. Samples were measured for isotope abundance by isotope ratio mass spectrometry (IRMS). The equation for R CO2 from Livingstone et al, based on Coward analysis for TEE was used to derive the carbon dioxide production rate. The carbon dioxide production rate was converted to energy expenditure using the equation of Weir [6] . For the calculation of the carbon dioxide production a respiratory quotient of 0.85 was assumed.
Indirect calorimetry
Resting metabolic rate (RMR) was measured during the doubly-labeled water study with the open-circuit GEM calorimeter (Firm NutrEn Technology, Manchester, UK) equipped with a paramagnetic oxygen analyzer (γ = 0-100%, linearity: ± 0.1%, repeatability: ± 0.01% abs) and infrared CO 2 analyzer (γ = 0-2 %, linearity: ± 1%, repeatability: ± 0.02 % abs). The calorimeter was calibrated before each test against standard reference gases. Alcohol burning tests were run five times during the study of the 11 children. The registered respiratory quotient (RQ) values for ethanol were 0.668 (7 July 00), 0.673 (6 July.00), 0.665 (5 July 00), 0.667 (9 July 00), and 0.667 (11 July 00).
The subjects fasted for at least 12 to 14 hours before the test. They were transported to the calorimetry laboratory by car, determined to be free of physiological and psychological stress, and then rested for one hour at a room temperature of 23 to 26°C before the test. The temperature was recorded four times during each test and atmospheric pressure two times daily. An adult-size, transparent, plastic hood was used to collect the expired air for 25 minutes after a five-minute equilibration period.
BMR was also estimated using the equations proposed by the FAO/WHO/UNU Expert Committee [7] , the revised Schofield equations [8] and the equations proposed by Henry and Rees for 3 to 10 year-old children in tropical regions [9, 10] .
Dietary records
Energy intake was measured by trained dietitians using a 3-day weighed dietary record, which included two week days and one weekend day during the doubly-labeled water study. Energy and macro-and micronutrient intakes were calculated from the Cuban food composition tables included in CERES software developed at the Institute of Nutrition in Havana with the support of FAO [11] 
Results
According to NCHS standards 9% of the children were undernourished (-2SD) and 9% were overweight (+2SD) by weight-for-height Z score. Height-for-age Z scores were in the normal range. Girls were heavier and taller than boys, who showed a greater development of fat-free-mass (FFM).
Predicted BMR values using the equations proposed by the 1985 FAO/WHO/UNU report were 4% higher than those obtained by indirect calorimetry. There was a good agreement between the measured resting metabolic rate and the predicted values using the Schofield equations and moreso with the equations proposed by Henry and Rees for 3 to 10 year-old children in tropical regions (table 1). The value of 890 kcal/day (3.73 MJ) for the BMR and the mean variation coefficient lies between previous reported values [10] .
The relationship between resting metabolic rate and fat-free mass is estimated to be 56 kcal/kg in 4 to 7 year-old children [12] . The mean resting metabolic rate for children in this study was 57 kcal/kg fat-free mass per day. Values of 53, 56, 51, and 50 kcal/kg/day of fatfree mass (FFM) have been found in white American, Mohawk, Guatemalan, and African American children in this age group [13] . The resting metabolic rate was apparently higher for boys, 899 kcal/day (3.76 MJ) than for girls, 884 kcal/day (3.70 MJ). The percentage of fat-free mass was higher in boys (90%) than in girls (79%). The values expressed per kg FFM were closer (57 vs. 55 kcal/kg FFM/day) and the differences were not significant.
Doubly-labeled water study
The dilution space ratio (table 2) is greater than the value found in adults or in studies conducted in colder climates. The rates of disappearance in these children (kd and ko) are faster than those found in children from industrialized countries, suggesting the influence Total energy expenditure by the doubly-labeled water method in Cuba of either a higher environmental temperature and/or physical activity. Observed carbon dioxide production has a mean error of 5.0% in the whole group; this error accounts for the variation of the background isotopic content, lack of covariance of measurement in both 18 O and 2 H and in general, for analytical and biological contribution to the error.
Total body water decreased in the obese group as compared to the normal and undernourished children. As expected, total body fat increased from 17.1% in the (table 3) . Total energy expenditures were similar in normal and undernourished children (around 1,550 kcal) and lower in overweight children. The major factors accounting for inter-individual variation in total energy expenditure include body weight, fat-free mass, and resting metabolic rate, which account for 40% to 60% of the variation [14] . TEE was similar between lean (105 kcal/kg FFM/day), obese (97), and normal (100) individuals after taking differences in fat-free mass into account [15] [16] [17] . The degree of fatness has negligible effects on TEE, other than a small effect on resting metabolic rate. A combination of the effect of carrying the additional fat mass and the increase in resting metabolic rate as a consequence of the increased fat mass are responsible for that [18] .
A gender-related difference in total energy expenditure, in addition to that described for the resting metabolic rate has been reported [13] . In the Cuban study, after taking into account the differences in fatfree mass there were only slight differences in the TEE values per kg FFM for girls and boys (99.4 and 102 kcal/kg FFM/day.
Using the doubly-labeled water technique, the energy requirement of well-nourished children was only 8.6% lower than the 1985 FAO/WHO/UNU recommenda-tions. This implies that well-nourished children who are moderately to intensely physically activity would require 82.6 kcal/kg per day.
Daily energy intakes were 1,313 ± 193 and 1,786 ± 283 kcal for girls and boys, respectively These values were 1.7 times the BMR and were higher than those reported for this age group in other countries [19] . According to the 1985 FAO/WHO/UNU report the recommended dietary allowance for energy was, in general, only 1.051 times higher than the observed intake in these children.
Studies done in other latitudes have shown that TEE in prepubertal children living in Burlington, Vermont, USA [20, 21] , Phoenix, Arizona, USA [22] , Cambridge, UK [23] , and Belfast, Northern Ireland [24] was about 25% lower than that reflected by current recommendations. The TEE for the Cuban children was only 11.8% lower for the total group (1, 509 In 1995, a panel of the International Dietary Energy Consultative Group agreed that on the basis of recent TEE data, the existing energy recommendations were too high for children less than 7 years of age [10] and that there was a lack of data on the socioeconomic differences and the differences between rural and urban settings. New recommendations should be developed with the measurement of energy requirements based on multiples of measured or predicted REE. The Cuban recommendation for children under 7 years of age should be overestimated by about 15% (1,509 kcal intake vs.1,773 kcal recommended).
The results of our study show that the dietary energy recommendations for 4 to 6 year old children in a rural community in western Cuba are not overestimated as much as those for children in urban areas in industrialized countries.
The physical activity level (PAL) values were greater than those for American children [21] , children in the Philippines [25] and than the reported values for Chilean children. This was in agreement with the results of Davies et al. in 5-year-old children [26] . In this study, there was only a 1.1% difference between mean energy intake and expenditure in the entire cohort of children. Values of 3.3, 6.4, 5.2, and -1.0% were reported by [27] for preschool children in four age groups. In adults and adolescents, the differences may be higher (20%) [24, 28] . The most frequent source of underestimation of energy intake is due to under recording of the food consumed.
Energy requirements as determined by the doublylabeled water method and weighed intake were simi-lar in well-nourished and undernourished children (difference of 4.1% and 3.5%), however, dietary intake clearly underestimated the requirements of overweight children by 10.5%. There is no sufficient data on overweight children to make conclusions, but this difference may be related either to efforts made by parents to make their children lose weight or to food consumption unknown to the observers. The body weight was recorded at the beginning and end of the seven day study and there was no change to account for this difference in such a short period.
The mean physical activity level (PAL) of normal children was nearly 1.8, which is much higher than that reported for children from industrialized countries in studies using doubly-labeled water. Using the predicted resting metabolic rates, a sedentary PAL of 1.5 was obtained (for 4 to 6 year old children) in other studies using DLW. Values from Cuban and Chilean children are in the moderate to intense range of physical activity. In overweight children from Cuba, the PAL is 1.51; one factor contributing to the difference between normal and overweight children could be that they were girls.
Recent studies on energy expenditure (by DLW) of children living in industrialized countries, indicate that their energy expenditure was 30% lower than the recommended dietary allowance. The energy expenditure in Cuban children accounted for 90% of the dietary allowance, which is similar to that obtained for Chilean preschool children (86%). The completion of the energy expenditure studies in both countries will contribute to a more valid assessment of the adequacy of present nutrition programs.
